Abstract The stereochemistry and coordination behavior of Co(II) and Cu(II) complexes of a novel 18-membered quadridentate macrocyclic ligand (3,4,12,13-tetraphenyl-1,2,5,6,10,11,14,15-octaazacyclooctadecane-7,9,16,18-tetraone-2,4,11,13-tetraene) have been investigated after their template synthesis. The synthesized macrocycles have been characterized by means of various physicochemical techniques viz. elemental analyses, magnetic, conductivity measurements,and spectral (IR, electronic, mass and EPR) techniques. The structure of complexes has been determined with the help of spectroscopic as well as conductivity values and found to be six coordinated octahedral and tetragonal for Co(II) and Cu(II), respectively. The ligand was coordinated to the metal ion via the malonylhydrazide moiety ' s imine nitrogen in a tetradentate fashion. Molar conductance measurements revealed that reported macrocyclic complexes were non-ionic in nature. All the complexes have been screened for their in vitro antifungal activity against a number of fungi isolated from plants. The compounds exhibit significant antifungal activity.
Introduction
Metal complexes with macrocyclic ligands have gained accelerated research interest in recent years and attracted the attention of both inorganic and bioinorganic chemists (Bayri and Karakaplan, 2007; Singh et al., 2009) . Aza macrocyclic ligands as well as their coordination compounds play important roles in catalytically activating small molecules in electrochemicallyassisted reactions with several substrates (Chandra and Sharma, 2002) . The formation of macrocyclic complexes mainly depends on the size of the internal cavity and the rigidity of the macrocycle formed (Raman, 2009) . The importance of macrocyclic complexes in coordination chemistry is because of various applications in biological processes such as photosynthesis and dioxygen transport (Singh et al., 2008a,b) . The chemistry of macrocyclic complexes is also important due to its use as dyes and pigments as well as NMR shift reagents (Singh et al., 2008a,b) . In the light of above applications the present paper reports the syntheses, spectral characterization and antifungal activity of cobalt(II) and copper(II) complexes of 3,4,12,13-tetraphenyl-1,2,5,6,10,11,14,15-octaazacyclooctadecane-7,9,16,18-tetraone-2,4 ,11,13-tetraene ligand.
Materials and methods
Reagent grade commercially available chemicals (SigmaAldrich) were used to perform all experimental work.
Elemental analysis and physical measurements
The C and H were analyzed on the Carlo -Erba 1106 elemental analyzer. The nitrogen content of the complexes was determined using Kjeldahl method. Molar conductance was measured on the ELICO (CM82T) conductivity bridge. Magnetic susceptibilities were determined on a Sherwood Scientific magnetic susceptibility Gouy balance (Model no. MK1) at room temperature using copper sulphato as calibrant. Electronic spectra (UV-Vis) in the range of 200-1100 nm in DMSO were recorded on Shimadzu UV-1601 spectrophotometer. IR spectra were recorded as KBr pellets and CsI pellets in the region 4000À200 cm À1 on a FT-IR spectrum BX-II spectrophotometer. The X band EPR spectra of complexes were recorded at 77 K (LNT) by using frozen DMSO glass as the matrix on E 4 -EPR spectrometer using DPPH as the g marker. Electronic impact mass spectrum was recorded on Jeol, JMS-DX-303 mass spectrometer.
General procedure: synthesis of complexes
A template reaction was carried out to synthesize the complexes. A hot EtOH solution (20 mL) of the respective divalent metal salt (10 mmol) was mixed with a hot solution (20 mL) of malonyldihydrazide (20 mmol, 2.88 g) in the same solvent. Then an EtOH solution (20 mL) of benzil (20 mmol, 4.20 g) in the presence of a few drops of conc. HCl (to adjust the pH) was added to the resultant solution and the reaction mixture was left under reflux for about 3-4 h as appropriate. The complexes precipitated out (yields and m.p. are given in Table 1 ) on cooling the solution. They were collected by filtration, washed and recrystallized with ethanol and dried in vacuum over anhydrous calcium chloride. The purity of complexes was checked by TLC. The general reaction for the syntheses of complexes is given below.
Results and discussion
The general composition for all the complexes was found to be MLX 2 (where M = Co(II), Cu(II), L = C 34 H 24 N 8 O 4 and X = Cl À , NO À 3 , NCS À ). All the complexes provide proper C, H and N results which were in good agreement with those calculated for the suggested formulae. The results of elemental analyses with molecular formulae and the melting points were listed in (Table 1 ). The complexes obtained were variously colored, polycrystalline, air stable and insoluble in common organic solvents but readily soluble in DMSO and DMF.
Molar conductance measurements
Complexes were dissolved in DMF and molar conductivities of 10 À3 M of their solutions at room temperature were measured (Table 1) . The complexes showed molar conductance (12-18 X À1 cm 2 mol
À1
). It was concluded from the results that complexes were non-electrolytic in nature. (Chandra and Kumar, 2004a,b; Chandra et al., , 2004 . The molar conductance value suggested that the anions were inside the coordination sphere and bonded to the metal ion, therefore, these complexes may be formulated as [MLX 2 ].
Magnetic susceptibility measurements
The cobalt(II) complexes reported herein showed room temperature magnetic moment values in the range of 4.72-4.95 B.M. (normal range for octahedral Co(II) complexes is 4.3-5.2 B.M.) which was indicative of octahedral geometry (Chandra and Sangeetika, 2002; Chandra and Gupta, 2001; Patil and Patil, 2002) . The experimental values were higher than the spin only value due to orbital angular momentum contribution in d 7 system. On the other hand the copper (II) complexes showed magnetic moment in the range of 1.92-1.99 B.M., corresponding to one electron that falls within the range normally observed for six coordinated Cu(II) complexes (Reiss et al., 2009; Mitu et al., 2010; Chandra and Kumar, 2005a,b) . It was slightly higher than those expected for the spin only value (1.73 B.M.) for a d 9 system. This may be attributed to spin orbit coupling (Prasad et al., 2003) .
IR spectra and modes of bonding
The IR spectra provide valuable information regarding the coordination behavior of the ligand to the metal ion. IR data of the complexes were listed in (Table 2 ). The absence of bands $ca. 3400 cm À1 characteristic of the free -NH 2 group confirmed the condensation between malonylhydrazide and diketone molecules and supported the formations of macrocyclic complexes. The occurrence of a medium intensity band at ca.
1545-1562 cm
À1 attributable to the imine m(C‚N) stretching frequency (Kala et al., 2007; Siddiqui et al., 2006) , which appeared at lower frequencies in the complexes, suggested that coordination took place through the C‚N moieties. The appearance of a band at ca. 450-480 cm À1 in the spectra of the complexes, which was assigned to m(M-N) also indicated that the metal was bonded to azomethine nitrogen. The IR spectra showed a strong band at 1690-1696 cm À1 assigned to m(C‚O) stretching frequency (Mitu et al., 2009) . A medium intensity band that appeared in the region 3300-3350 cm À1 was suggested to m(N-H) stretching mode of -NHCO-moiety (Howlader and Islam, 2003) . In the far IR region the m(M-Cl), m(M-O) and m(M-N) bands appeared in the 300-320, 210-235 and 430-435 cm À1 ranges consistent with the coordination of halo, nitrato and thiocyanato ligands (West et al., 1999; Kumar et al., 2004b) . Therefore, on the basis of the above discussion, it was concluded that the ligand acted in tetradentate fashion and binds to metal ion through imine nitrogen atoms.
Characteristic vibrational modes of the nitrate and thiocyanate ligands
The presence of IR spectral bands at ca.1450-1400, 1320-1290 and 1070-1020 cm À1 in the spectra of nitrato complexes suggested that both nitrate groups were coordinated to the central metal ion in the unidentate fashion (Sharma et al., 1997) . Thiocyanate anion may coordinate in different ways. It can show linkage isomerism. The complexes under study showed a single sharp band at ca. 2050-2080 cm
À1
, which indicated that both thiocyanate groups were N-bonded (Chandra and Kumar, 2003) .
Electronic spectra
The electronic spectra of complexes were recorded in DMSO. The Co(II) complexes gave three electronic spectral bands (Fig. 1) at 990-1031, 668-701 and 437-484 nm (Table 3) summarized in (Table 4) The electronic spectra of Cu(II) complexes displayed as one broad absorption band (Fig. 2) , (Table 3) in the range 642-682 nm corresponding to tetragonal geometry A 1g to remain unresolved in the spectra. This assignment was in agreement with the general observation that Cu(II) d-d transitions are normally close in energy (Mohamed et al., 2005) .
EPR spectra
EPR spectra of Cu(II) complexes were recorded on X band at a frequency range of 9.1-9.3 GHZ under the magnetic field strength of 3000 G at liquid nitrogen temperature in frozen DMSO glass. The present Cu(II) complexes exhibited as well-resolved anisotropic signals (Fig. 3) in the parallel and perpendicular regions. The observed data showed that g || = 2.10-2.25 and g^= 2.03 À 2.12 ( Table 5 ). The g || and g^values were closer to 2 and g || > g^it suggested major distortion from O h symmetry in the Cu(II) complexes (Chandra and Kumar, 2004a,b) . Kivelson and Neiman have shown that g || is a moderately sensitive function for indicating covalency. Relatively speaking, g || > 2.3 is characteristic of anionic environment and g || < 2.3 of a covalent environment in M-L bonding (Guzar and Qin-Han, 2008; Kumar et al., 2004a) . The observed g || values were less than 2.3 in agreement with the covalent character of the M-L bond. The trend g || > g^> 2.0023 was observed for the complexes indicated that the unpaired electron was localized in d x2Ày2 orbital of the Cu(II) ion. Thus a tetragonal geometry was proposed for the aforesaid complexes. G = (g || À 2)/(g^À 2), which measure the exchange interaction between the metal centres in a polycrystalline solid, has been calculated. According to Hathaway (Chandra et al., 2007) , if G > 4 the exchange interaction is negligible and G < 4 indicates considerable exchange interaction in the solid complexes. The reported complexes showed that G values <4 indicated the exchange interaction in complexes. The fraction a 2 which was taken as a measure of covalency was calculated by using the relation a 2 = (A || / P) + (g || À 2.0023) + 3/7 (g^À 2.0023) + 0.04, where A || is the parallel coupling constant expressed in cm À1 and value of P = 0.036. The a 2 values for the present copper complexes found in the range 0.282-0.347 supported the covalent nature of these complexes.
EIMS mass spectra
Mass spectra provided additional structural information about the analyzed species. The electronic impact mass spectrum of the Co(II) chloro complex showed a molecular ion [CoC 34 H 24 N 8 O 4 Cl 2 ] + peak at m/z 739 amu (Fig. 4) , since the calculated mass of this complex was 738 amu, therefore, the molecular ion peak may be corresponding to isotopic peak (M + +1) due to 13 C and 15 N isotopes. Cu(II) nitrato complex showed molecular ion [CuC 34 H 24 N 10 O 10 ] + peak at m/z 795 amu. Peaks have also been observed which are related to various fragments of compounds. The intensity of these peaks gave the idea regarding the stability and abundance of the ions (Maciejewska et al., 2002) . The observed data confirmed the proposed formulae for the complexes.
Antifungal activities
The synthesized macrocyclic complexes have been subjected to in vitro antifungal activity against a no. of fungi by food poison technique (Liberta and West, 1992; Agarwal et al., 2006) . The test pathogens F. oxysporum, A. brassicicola, F. odum and Rhizopus were isolated from plants. Potato dextrose medium was prepared by using potato, dextrose, agar-agar and distilled water. Griseofulvin was used as standard fungicide. The compounds were added after being dissolved in DMSO to agar medium to get the concentrations of 50 and 100 lg/ml. Aliquots (10 ml) of the medium was poured in sterilized petri plates. The mycelial disc of 5 mm cut from the leading edge of a colony of microbes was inoculated in the petri plates. Thereafter, the petri plates were incubated for 90 h at 26 ± 1°C. To compare the antifungal activities of test pathogens two other sets of experiments, one with standard fungicide and other in the absence of compounds were also carried out. Growth inhibition was calculated by using the formula (Saini and Kumar, 1997) .
%IðGrowth inhibitionÞ ¼ 100ðC À TÞ=C where C is the growth in control and T is the growth in treatment. The results are summarized in (Table 6 ). 
Conclusions
Results indicated that all complexes were non-ionic and high spin in nature. Spectral studies suggested six coordinated octahedral and tetragonal geometry for Co(II) and Cu(II) complexes, respectively. The complexes inhibited the growth of test fungal species (F. oxysporum, A. brassicicola, F. odum and Rhizopus) to considerable degrees.
